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Aim:Theaimofthisstudywastoassessthevitalityofmaxillaryanteriorteethfollowing
Le Fort I osteotomy. Materials and Methods: A total of 245 maxillary anterior teeth in
42 patients were examined by several pulp vitality tests before surgery and 1 to 5 years
postoperatively. Data were recorded in SPSS and were statistically analyzed by using
Pearson, χ2, and Fisher exact tests. Results: This study showed a signiﬁcant number
(91%) of the maxillary anterior teeth to be sensitive to cold, 88.8% to electrical pulp
test, and 89.4% to heat tests 12 months to 5 years following Le Fort I osteotomy. A
total of 8 teeth (3.2%) had undergone root canal therapy (RCT) because they were
nonvital and had developed apical lesions. Pain on percussion was observed in 5.7% of
the teeth. External resorption was signiﬁcantly associated with insensitivity (P <. 05).
Orthodontic therapy adds to this especially if excessive force is applied. Conclusion: A
signiﬁcant number of teeth had sensitivity after Le Fort I osteotomy. Only 3.2% needed
RCT. When all vitality tests were negative, we used periapical radiolucency as the main
criterionforjudgingpulpnecrosisrequiringRCT.Itshouldbestressedthattheoutcomes
of a single test cannot be considered as a reliable indicator for the presence or absence of
pulpal or periapical disease or for RCT. Although the complications following Le Fort I
osteotomy are few, follow-up is mandatory.
Orthognathic surgery may pose potential risks to the vitality of teeth. It may be
the cause for the development of pulpitis or root resorption1-4 as well as pulp injuries,5
periodontal problems,3,5,6 and root damage.5,7 Post–Le Fort I osteotomy studies on humans
and animals have led to controversial outcomes.1 Some reported that 29% of anterior
teeth did not respond to electrical pulp test (EPT) following a 14-month follow-up period.
In contrast, Kahnberg and Engstr¨ om reported that 90% to 100% of teeth had given
positive responses to EPT.3,4 Justus et al,5 using laser Doppler ﬂowmetry following Le
Fort I osteotomy, described an increase in pulpal blood ﬂow between the ﬁrst and third
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postoperative weeks. Patients should be informed of these issues that may occur following
surgery.4,5 In most cases, however, follow-up appointments do not receive enough attention
and a lack of knowledge regarding the probable pulpal sequelae is prevalent among patients
who have undergone Le Fort I osteotomy. We aimed to assess the changes and vitality
status of maxillary anterior teeth before and after standard Le Fort I osteotomy in patients
referred to us from 2001 to 2005.
MATERIALS AND METHOD
This study included 42 patients (32 women and 10 men) who were 18 to 50 years old (245
teeth) and who were treated by Le Fort I osteotomy; in all cases, the anterior bone-cut line
was started from the piriform aperture 4 mm above the nasal ﬂoor (no possible association
with the incisors) and 5 mm above the apex of the canine tooth. All patients had normal
unrestored vital incisors preoperatively. Postoperatively, the maxillary anterior teeth were
examinedusingheat,percussion,palpation,cold,andEPT,respectively.Mandibularanterior
teethwereconsideredascontrolteethforeachpatient.Eachtestwasrepeatedatleast3times
for case and control teeth with 30-second, 1-minute, and 2-minute intervals, respectively.
Responses in case and control teeth were assessed taking into account the following:
1. Discoloration was detected in a dry condition, under the illumination of the dental unit
light (not necessarily pulp necrosis).
2. Periodontalpocketdepthwasmeasuredinmesialanddistalgingivalsulciandrecorded
if it exceeded 2 mm (possible periodontal involvement).
3. A dry, rotating rubber prophy cup delicately pushed on the isolated, dry tooth surface
provided frictional heat test (sensation positive in vital teeth). However, heat could
cause pain in necrotized pulp, which was considered as a false-positive response.
Instead, a pain sensation, which disappeared by the withdrawal of stimulus, reported
by the patient due to the test was considered as true-positive response.
4. For the cold test, a sharp nonlingering pain response was considered as an indicator
for vital (not necessarily normal) pulp.
5. Percussion test was performed by tapping a mirror end on the incisal edge of anterior
teeth, with the mirror handle held perpendicular to the crown to detect not only the
probable sensitivity but also the probable ankylosis (a solid sound indicative of loss of
periodontal ligament around the tooth and probable ankylosis).
6. Palpation test was performed by ﬁngertip pressure. Mild pressure was applied initially,
avoiding probable severe pain.
7. Mobility was measured by putting the ﬁrst ﬁnger on the lingual and the mirror’s handle
on labial surfaces. Orthodontic therapy adds to tooth mobility especially if excessive
force is applied.
8. Cold test was performed by applying ethyl chloride spray (Vocko, Coltene, Del) on the
isolatedfacialmiddle-thirdofeachincisor’sclinicalcrown.Ashortsharpresponsewas
not considered as an indicator because it might occur regardless of pulp status (normal
or reversible or irreversible pulpitis). However, an intense and prolonged response was
considered as an indicator for irreversible pulpitis. In contrast, necrotic pulps would
not respond. Also, there was the possibility of obtaining a false-negative response in
teeth with constricted canals (calciﬁc metamorphosis).
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9. Electric pulp test was performed using the Parkell device (Parkell Inc, Farmingdale,
NY). In the case of obtaining negative response on the facial middle-third, each test
was repeated on the palatal middle-third of the clinical crown.
10. Three postoperative periapical radiographs were obtained for each patient and were
compared with the preoperative images. External resorption in outer root surface and
surrounding bone was sought and recorded if present. Orthodontic therapy adds to this
especially if excessive force is applied.
11. When all vitality tests were negative, we used periapical radiolucency as the main
criterion for judging pulp necrosis requiring RCT.
12. Obtained data were classiﬁed by SPSS software and statistically analyzed using
Pearson, χ2, and Fisher exact tests.
RESULTS
In this study, maxillary anterior teeth of 42 patients (245 teeth) were examined before and
1 to 5 years following Le Fort I osteotomy. Age distribution of the patients is presented
in Figure 1. This study showed the majority (91%) of the maxillary anterior teeth to be
sensitive to cold, 88.8% to EPT, and 89.4% to heat tests 12 months to 5 years following
Le Fort I osteotomy. A history of orthodontic intervention before or after treatment was
observedin32patients(76.2%).Eight(3.2%)of245anteriorteethrequiredRCTfollowing
operation because of periradicular radiolucency and negative responses to cold, heat, and
EPTs. Tables 1–3 show the results of EPT, percussion, thermal, and palpation tests and
external resorption of maxillary anterior teeth following Le Fort I osteotomy 1 to 5 years
postoperatively. A signiﬁcant relation was observed between external resorption and the
results of vitality tests (P <. 05).
Figure 1. Age distribution of the patients in this study. It is of note that most patients
undergoing surgery were in the 2nd to 3rd decades of life.
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Table 1. Maxillary central incisors test responses∗
Right (n =42) Left (n=42) Maxillary centrals (n=84)
Positive Negative Positive Negative Positive Negative
Cold 38 (90.5) 4 (9.5) 39 (92.9) 3 (7.1) 77 (91.7) 7 (8.3)
Heat 39 (92.9) 3 (7.1) 39 (92.9) 3 (7.1) 78 (92.9) 6 (7.1)
EPT 39 (92.9) 3 (7.1) 39 (92.9) 3 (7.1) 78 (92.9) 6 (7.1)
Percussion 3 (7.1) 39 (92.9) 3 (7.1) 39 (92.9) 6 (7.1) 78 (92.9)
External 17 (40.5) 25 (59.5) 16 (38.1) 26 (61.9) 33 (39.3) 51 (60.7)
resorption
∗Values are expressed as number (percentage). EPT indicates electrical pulp test.
Table 2. Maxillary lateral incisors test responses∗
Right (n=39) Left (n=39) Maxillary laterals (n=78)
Positive Negative Positive Negative Positive Negative
Cold 37 (94.9) 2 (5.1) 39 (100) .. . 76 (97.4) 2 (2.6)
Heat 37 (94.9) 2 (5.1) 35 (89.7) 4 (10.3) 72 (92.3) 6 (7.7)
EPT 34 (87.2) 5 (12.8) 37 (94.9) 2 (5.1) 71 (91) 7 (9)
Percussion 2 (5.1) 37 (94.9) 3 (7.7) 36 (92.3) 5 (6.4) 73 (93.6)
External resorption 15 (38.5) 24 (61.5) 13 (33.3) 26 (66.7) 28 (35.8) 50 (64.2)
∗Values are expressed as number (percentage). EPT indicates electrical pulp test.
Table 3. Maxillary canines test responses∗
Right (n=41) Left (n=42) Maxillary laterals (n=83)
Positive Negative Positive Negative Positive Negative
Cold 33 (80.5) 8 (19.5) 37 (88.1) 5 (11.9) 70 (84.3) 13 (15.7)
Heat 31 (75.6) 10 (23.4) 37 (88.1) 5 (11.9) 68 (81.9) 15 (18.1)
EPT 31 (75.6) 10 (23.4) 35 (83.3) 7 (16.7) 66 (79.5) 17 (20.5)
Percussion 1 (2.4) 40 (97.6) 2 (4.8) 40 (95.2) 3 (3.7) 80 (96.3)
External resorption 7 (17.1) 34 (82.9) 7 (16.7) 35 (83.3) 14 (16.8) 69 (83.2)
∗Values are expressed as number (percentage). EPT indicates electrical pulp test.
DISCUSSION
Studies on revascularization by Bell et al8 emphasize the role of attached soft tissue in
providing blood supply for the maxillary segment following Le Fort I osteotomy. If Le Fort
I osteotomy is performed correctly, there is usually no risk of injury to the blood supply
of the maxilla or dentition. However, transient reversible vascular ischemia of the pulp
and direct injury of tooth apices serve as 2 major potential factors resulting in pathologic
changes within the pulp.9,10 Also, on the basis of the studies conducted by Bell et al,8
maxillary osteotomy does not necessarily cause pulpal injury. This injury rather occurs
when pulpal blood ﬂow is severed. Thus, the bone cut is best executed far from the root
apices (at least 5 mm). This study showed the majority (91%) of the maxillary anterior
teeth to be sensitive to cold, 88.8% to EPT, and 89.4% to heat tests during follow-up
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(12 months to 5 years) after Le Fort I osteotomy. Pain on percussion, was observed in 5.7%
of the cases.
In 1989, Vedtofte and Nattestad3 reported 6% of 617 maxillary teeth, mostly canines,
to show a negative response to EPT. This was suggested to be because of the proximity of
canines’ long roots to the osteotomy site and is supported by our ﬁndings in which canines
demonstrated a lower sensitivity (more negative responses) to EPTs.
In 1987, Kahnberg and Engstr¨ om4 performed EPTs on 44 patients following Le Fort
I osteotomy and observed a positive response in 100% of the teeth in an 18-month follow-
up. In 1999, Mordenfeld and Andersson1 encountered a positive response to EPT in 89%
of central incisors in a 12-month follow-up of 20 patients, following midline osteotomy.
Similar to other studies, canines demonstrated less sensitivity to different tests probably
because of their longer roots. This study supports the ﬁndings of other studies in the
literature for most cases.
The assessment of the complications following Le Fort I osteotomy in the present
study revealed external resorption in 30.6% of maxillary anterior teeth. In addition to the
above-mentioned ﬁndings, we noticed a 5.3% tooth discoloration rate following osteotomy,
but no statistically signiﬁcant relationship was detected between pulp vitality and the
discoloration.Buckleyetal11 claimedin1999thatLeFortIosteotomyimpairsthemaxillary
blood supply and results in noticeably decreased viability and discoloration in anterior
teeth. Studies on humans and animals have shown the possibility of long-term ischemia in
displaced maxillary segments. This temporary ischemia is responsible for the development
of periodontal defects, pulpal degenerative changes, lack of an integrated bony unit, and
loss of the whole displaced segment in some instances. Despite normal bone healing and
normal tooth coloration following this surgical approach, important questions regarding its
complications have been raised.6 It is recommended that patients refer for follow-ups and
be informed of possible alterations in tooth sensitivity and discoloration. Also, the clinician
should not rely on pulp vitality responses alone even after 1 year postoperation. It should
be stressed that the outcomes of a single test cannot be considered as a reliable indicator for
the presence or absence of pulpal or periapical disease or for RCT. We used the presence
of periapical radiolucency as the main criterion for judging pulp necrosis requiring RCT
when other vitality test results were also negative.
CONCLUSION
Although a signiﬁcant number of teeth had sensitivity after Le Fort I osteotomy, only
3.2% needed RCT. The assessment of the complications following Le Fort I osteotomy





of the maxilla. J Oral Maxillofac Surg. 1999;57:523-9, discussion 529-30.
78MESGARZADEH ET AL
2. YangD.AnalysisandcomparisonofpulpvitalityaftertotalandsegmentalLeFortIosteotomy[inChinese].
Zhonghua Kou Qiang Yi Xue Za Zhi. 1990;25:79-81, 125.
3. Vedtofte P, Nattestad A. Pulp sensibility and pulp necrosis after Le Fort I osteotomy. J Craniomaxillofac
Surg. 1989;17:167-71.
4. Kahnberg KE, Engstr¨ om H. Recovery of maxillary sinus and tooth sensibility after le Fort I osteotomy. Br
J Oral Maxillofac Surg. 1987;25:68-73.
5. Justus T, Chang BL, Bloomquist D, Ramsay DS. Human gingival and pulpal blood ﬂow during healing after
Le Fort I osteotomy. J Oral Maxillofac Surg. 2001;59:2-7, discussion 7-8.
6. BrowneRM,BradyCL,FrameJW.ToothpulpchangesfollowingLeFortImaxillaryosteotomyinaprimate
model. Br J Oral Maxillofac Surg. 1990;28:1-7.
7. Duker J, Schilli W. Rapid orthodontics after subtotal osteotomy: biologic foundation and clinical implica-
tions. In: Bell WH, ed. Surgical Correction of Dentofacial Deformities. Philadelphia, Pa: WB Saunders;
1985:465-89.
8. Bell WH. Maxillary surgery. In: Bell WH, ed. Surgical Correction of the Dentofacial Deformities. Philadel-
phia, Pa: WB Saunders; 1985:15-38.
9. Walton R, Torabinejad M. Pulp and periradicular pathosis. Principle and Practice of Endodontics.3 r de d .
Philadelphia, Pa: WB Saunders; 2002:55-63.
10. Harada K, Sato M, Omura K. Blood-ﬂow change and recovery of sensibility in the maxillary dental pulp
during and after maxillary distraction: a pilot study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
2004;98:528-32.
11. Buckley JG, Jones ML, Hill M, Sugar AW. An evaluation of the changes in maxillary pulpal blood ﬂow
associated with orthognathic surgery. Br J Orthod. 1999;26:39-45.
79